The presence of vaginal discharge is among the most common problems reported by women who seek treatment at health care facilities. 1,2 It may also be a predictor of sexually transmitted infection in women. 3 Infection due to Neisseria gonorrhoeae (gonorrheal cervicitis), Chlamydia trachomatis (chlamydial cervicitis), Candida sp. (candidal vaginitis), Trichomonas vaginalis (trichomoniasis), and bacterial vaginosis are the most common causes of vagi-nal discharge, which may present with similar clinical manifestations. [4] [5] [6] [7] Previous studies have reported various clinical manifestations of each mentioned causes of vaginal discharge. In trichomoniasis, gynecological symptoms consist of malodorous vaginal discharge and vulvar discomfort, with signs of vaginal redness, red spots on the cervix (strawberry-cervix appearance), and thin, frothy, turbid, yellowish vaginal discharge. 3 In bacterial vaginosis, symptoms con-Abstract Objective: To attain diagnostic accuracy of various gynecologic symptoms and signs in identifying causes of vaginal discharge.
INTRODUCTION sist of malodorous vaginal discharge and excessive wetness in the genital area, with signs of vulvar maceration/redness and thin, turbid, yellowish vaginal discharge. [3] [4] [5] In cases of candidal vaginitis, gynecological symptoms encompass malodorous vaginal discharge, itchiness in the vulvar area, and pain during sexual intercourse, with signs of genital maceration, vaginal redness, and white, curd-like vaginal discharge. [3] [4] [5] In cases of chlamydial cervicitis, reported symptoms include pain during sexual intercourse and vaginal bleeding after sexual intercourse, with signs of ectopic cervix. Previous studies on gonorrheal cervicitis reported gynecologic symptoms of vaginal bleeding between usual menstrual cycles, pain during sexual intercourse, and pain during urination, with signs of purulent cervical discharge. [6] [7] However, the aforementioned symptoms and signs are generally found in patients complaining of vaginal discharge.
In primary health care facilities, or facilities with limited resources, laboratory examinations to confirm the cause of infection are often expensive or not readily accessible. In these settings, clinical examination, consisting of gynecological symptoms and signs, play a major role in establishing the etiological diagnosis. Therefore, this research aims to study the diagnostic accuracy of the various aforementioned clinical findings in confirming the etiological diagnosis of vaginal discharge due to bacterial vaginosis, N. gonorrhea, C. trachomatis, Candida sp., and T. vaginalis.
METHODS
This cross-sectional, diagnostic study was conducted in the Obstetrics and Gynecology outpatient clinic in Dr. Cipto Mangunkusumo National Hospital and in several private, primary-care clinics in Jakarta, during the period of May 2012 until June 2013. Research subjects consisted of women of reproductive age (15-49 years old) with the chief complaint of having vaginal discharge, were sexually active, had an initial vaginal-discharge discomfort score of $ 5, and expressed written consent to participate in this study. Women were excluded if they were pregnant, in puerperium, having her menstrual period at time of presentation, having a history of conditions causing an immunocompromised state (diabetes mellitus, HIV infection); is being treated for vaginal discharge; and having a history of malignancy which had been treated with chemotherapy or radiation. Research sample size was calculated using the formula for diagnostic studies, which yielded the minimum number of 202 subjects. Consecutive sampling method was utilized to reach the required number of subjects.
Eligible subjects who gave their written consent were examined by trained obstetrics-gynecology residents in a blinded manner. Clinical examination included gynecological history taking and physical examination (encompassing the vulva, vagina, and cervix). Results from clinical examination were documented in standardized forms. For photographic documentation purpose, subjects' external genital, vaginal canal, and cervix were photographed using a 5 megapixel digital camera.
For laboratory examination, subjects' vaginal and cervical discharge samples were collected using sterile swabs. Discharge samples were prepared, utilizing appropriate methods and transport media before being sent to Parasitology Laboratory (for Candida sp. and T. vaginalis confirmation) and Microbiology Laboratory (for bacterial vaginosis, N. gonorrhea, and C. trachomatis confirmation) in the Faculty of Medicine, University of Indonesia. For N. gonorrhea and C. trachomatis diagnosis, specific swabs from Roche Diagnostic System Kit were utilized. Discharge samples were examined by experienced laboratory technicians, using the wet mount method for Candida sp. and T. vaginalis identification, Gram stain (using Nugent criteria) for bacterial vaginosis confirmation, and polymerase chain reaction using Cobas Amplicor (Roche) for N. gonorrhea and C. trachomatis. Following vaginal discharge sample collection, subjects were treated in accordance to the WHO guideline for vaginal discharge. 7, 8 On the following week, subjects were informed about the laboratory examination result and if complaints persisted, treatment regiments were adjusted to the result.
Data analysis was performed using Stata version 12 software. From the cross-tabulation, values for sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for each symptom or sign was calculated. Diagnostic accuracy for a given symptom or sign was considered accurate for a PPV of more than 50%. Ethical clearance for this study had been approved by the Ethical Committee, Faculty of Medicine, University of Indonesia.
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RESULTS
From 188 subjects who had a chief complaint of vaginal discharge, 82 of which were eligible to be included in this study. Research subjects' characteristics are presented in Table 1 .
Aside of the chief complaint, a thorough gynecological examination was also performed on the subjects. Distribution of gynecological symptoms and signs are presented in Table 2 . On gynecological examination, it was found that 15 subjects (18.3%) had thin, clear vaginal discharge, 36 subjects (43.9%) had smooth cervical appearance, 9 subjects (11.0 %) had reddish cervical appearance, and 77 subjects (93.9%) were found to have clear cervical discharge.
To identify the causative agents, subjects' vaginal and cervical discharge samples were also examined in the microbiology and parasitology laboratory. Findings from the laboratory examination are presented in Table 3 . Red spots on cervix (strawberry-cervix appearance) 7 (8.5)
Thin, frothy, turbid, yellowish vaginal discharge 5 (6.1)
White, curd-like vaginal discharge 5 (6.1)
Purulent cervical discharge 5 (6.1) 
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From Table 3 , the most common cause of vaginal discharge is concurrent bacterial vaginosis and Candida sp. infection, followed by singular etiology of bacterial vaginosis. Among subjects, there was no singular infection of N. gonorrhoea. The two subjects with N. gonorrhoea infection had co-infection with other microorganisms. From the results of laboratory examination, 37 subjects (45.12%) had bacterial vaginosis, 31 subjects (37.8%) were infected by Candida sp, 17 subjects (20.7%) were infected by T. vaginalis, 11 subjects (13.4%) were infected by C. trachomatis, and only 2 subjects (2.4 %) were infected by N. gonorrhoeae, either occurring as single or multiple infections.
This study was conducted to assess diagnostic accuracy of any presenting gynecological symptoms and signs found in the subjects. Diagnostic accuracy for each clinical manifestation is presented in its PPV, NPV, sensitivity, and specificity values. Symptoms or signs having a PPV more than 50% were considered accurate from a diagnostic point of view in guiding the identification of the cause of vaginal discharge. Diagnostic accuracy values for each presenting symptoms and signs, according to the causative organism, are presented in Table 4 .
Of particular note, diagnostic accuracy for subjects with N. gonorrhea infection could not be calculated, as there were only two subjects with gonorrheal cervicitis. Both subjects had clinical findings of pain during urination and purulent cervical discharge. Neither had pain during sexual intercourse, nor vaginal bleeding between menstrual cycles. 
DISCUSSION
Diagnostic accuracy of various clinical findings is stated in terms of PPV, NPV, sensitivity, and specificity values. While sensitivity and specificity are more useful for screening purpose, PPV is considered more significant in determining diagnostic power. Therefore our discussion is focused on the PPV of various clinical findings associated with the occurrence of pathologic vaginal discharge.
For bacterial vaginosis, a major proportion of subjects (67.1%) had malodorous discharge as a presenting symptom (PPV 41.2%). In bacterial vaginosis, a shift in normal vaginal flora dominance occurs, where anaerobic bacteria predominates. 9 Anaerobes convert amino acids in the vaginal secretions to amine compounds (putrescine, cadaverine, triethylamine), which causes a characteristic fishy-odor discharge; similar to that in T. vaginalis infection. 3, 4 Malodorous discharge can also be found in candida vaginitis, however the odor resembles the odor of sour milk, thus it differs from that of bacterial vaginosis. Excessive wetness was found in 70.7% subjects (PPV 53%). This symptom is caused due to excessive production of vaginal secretions, and may also be present in cases of allergy or other causes of infection. However, this symptom does not directly correlate with bacterial vaginosis, due to its low specificity value. Overproduction of vaginal secretions may also causes maceration of the vulvar skin. This finding is not directly caused by the presence of offending microorganism, but due to the overabundance of vaginal secretions. Therefore, although 37.8% subjects had this finding (with PPV of 52%), vulvar maceration is not an accurate clinical indicator of bacterial vaginosis. In term of the vaginal discharge itself, thin, turbid, yellowish discharge was found on 78.0% subjects (PPV 52%). Such vaginal discharge is caused by exfoliation of the vaginal ephitelium, along with exudative matters. 4 Although some clinical findings had PPV of more than 50%, they are not specific for bacterial vaginosis. Consequently, there are no pathognomonic clinical findings for bacterial vaginosis, and a combination of aforementioned symptoms and signs is needed to make an accurate etiological diagnosis.
In this study, candidal vaginitis was identified in 31 subjects (37.8%); 6 cases occurred as a freestanding Candida sp. infection. Malodorous discharge, which in candidal vaginitis is often described as having a sour-milk odor, was reported by a majority of subjects (68% subjects; PPV 38%). Pain during sexual intercourse was reported by 22 subjects (26.8%), with a PPV of 27.3%. Pain is caused by vaginal inflammation due to the infectious process. Other types of infections, such as chlamydial cervicitis and gonorrheal cervicitis, are often accompanied by pain during intercourse as well. However, in candidal vaginitis, pain is often reported as being superficial in nature, while in chlamydial and gonorrheal cervicitis, the pain is felt deeper. 3 Other symptom that was reported by a majority of subjects was itchiness, with 68.3% subjects reporting this symptom (PPV 46%). The hyphae of Candida sp. grow in the subepithelial layer, causing exfoliation of vaginal epithelium and itchiness. 10 Among those symptoms, none was noted to have good diagnostic accuracy for candidal vaginitis. For gynecological signs, vulvar maceration, found in 37.8% of subjects, had a PPV of 58%, while white curd-like vaginal discharge was found in 6.1% of subjects (PPV 100%), and vaginal redness was found in 52.4% of subjects, with PPV of 46%. Even though vulvar maceration has a good diagnostic accuracy, it is not specific for candidal vaginitis. On the other hand, the characteristic vaginal discharge is considered very specific for candidal vaginitis. Another sign, vaginal redness, was found in 52.4% subjects, with PPV of 46%, and deemed not having significant diagnostic accuracy.
T. vaginalis was found as the causative organism in 17 subjects (20.7%). Malodorous vaginal discharge was reported by 55 subjects (68%, PPV 29%). This symptom also had a low specificity value for trichomoniasis, making it not characteristic for T. vaginalis infection. Vulvar pain, which is caused by inflammatory reaction generated by T. vaginalis invasion in the vaginal epithelium, 4 is reported by 20 subjects (24%). It should also be noted that allergic reaction due to certain vaginaldouching agents, panty liners, or other substances, may also cause pain in the vulvar area. 4, 11 Vaginal redness was found in 43 subjects, with PPV of 21%. Redness is caused by a non-specific reaction to infection or allergy, and is not pathognomonic for trichomoniasis. On the other hand, findings of thin, frothy, turbid, yellowish vaginal discharge (5 subjects, PPV 60%, specificity 97%) and strawberrycervix appearance (7 subjects, PPV 100%) are considered accurate for the diagnosis of trichomoniasis. T. vaginalis metabolism produces CO2 and H2 gasses in copious amount, especially in the presence of high vaginal pH. This produces the frothy
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Obstet Gynecol vaginal discharge in patients with trichomoniasis. 4 On the cervix, subepithelial cervical bleeding causes red spots on the cervix commonly known as strawberry-cervix appearance. This finding is the hallmark of T. vaginalis infection, and serves as a strong clinical indicator of trichomoniasis. 3, 5, 8 However, the absence of this finding does not directly rule out T. vaginalis infection.
This study identified 11 subjects (13.4%) with chlamydial cervicitis, of which 6 cases occurred as a freestanding C. trachomatis infection. Twenty two subjects (26.8%) reported pain during sexual intercourse (PPV 23%). While deep dyspareunia is commonly reported in patients with chlamydial cervicitis, other causes of pelvic inflammation may also cause a similar symptom, ranging from gonorrheal cervicitis, fungal infection, to psychological problems. 3 Further, as the inflammation is mainly occurring on the cervix, C. trachomatis infection also causes cervical redness due to the inflammatory process, increased cervical tissue friability, and hyperplasia of the cervical tissue (ectopic cervix). These findings may also be found on cases of cervical neoplasia. 5 Therefore, it is important to seek which findings are considered accurate for chlamydial cervicitis. Post-coital vaginal bleeding was reported by 12 subjects (14.6%, PPV 41.7%), while ectopic cervix was found in 30 subjects (36.6%, PPV 23%). Both findings were considered inaccurate to diagnose chlamydial cervicitis, as the PPV is below 50%. Previous studies also found that there are no characteristic findings in chlamydial cervicitis. Therefore, laboratory examination is warranted when the patient has risk factors for C. trachomatis infection. In populations with high risk of C. trachomatis infection, WHO also suggest syndromic management of sexually transmitted infection, which advocates prompt treatment of chlamydial cervicitis without waiting for the laboratory examination result. 7, 8 Gonorrhoeal cervicitis was found in only 2 subjects, both in combination with other causative agents. This hinders the calculation of diagnostic accuracy for clinical indicators in subjects with gonorrheal cervicitis. The low number of cases might be due to several reasons. First, the prevalence for gonorrheal cervicitis that we used is obtained from a previous study, which was conducted in Indonesia, but on high-risk population. 12, 13 Therefore, it is possible that the prevalence of gonorrheal cervicitis in the general population is much lower than that in the high-risk population. We also utilized PCR method in detecting the presence of N. gonorrhea. The sensitivity of PCR examination reaches 90%. Therefore, a slight possibility of false negative still exists. Ideally, a selective culture medium, such as the Thayer-Martin agar, is utilized. 14 However, as such culture media is difficult to obtain in Indonesia, we used the PCR method. On both subjects with gonorrheal cervicitis, pain during urination and purulent cervical discharge were found. To assess the diagnostic accuracy of both clinical findings, a higher number of subjects with gonorrheal cervicitis is required.
Of the 82 subjects, laboratory examination yielded negative results on 23 subjects. Among those subjects, clinical findings consisted of itchiness (15 subjects), excessive wetness (11 subjects), and thin, turbid, yellowish vaginal discharge (15 subjects). For the laboratory-negative results, probabilities of false negative results and non-infectious causes of vaginal discharge, especially allergy, can also be considered. Ectopic cervix, which is usually related to chlamydial cervicitis, was found on 9 subjects with negative laboratory examination result. Coincidentally, all 9 subjects had been using hormonal contraceptives while data collection was performed. While ectopic cervix may also be caused by chronic inflammation due to the mechanical effect of IUD; hormonal effect, either due to hormonal contraceptives or pregnancy, may also cause hyperplasia of the endocervical glands. 15 The presence of ectopic cervix is associated with the occurrence of cervicitis. Furthermore, as 20 other subjects (68.9% of subjects with ectopic cervix) with ectopic cervix were found to be infected with a single or multiple causative agents, the presence of cervical ectopy warrants further investigation to determine the specific cause of cervicitis in the setting of negative laboratory examination results.
CONCLUSIONS
Diagnostic accuracy of various gynecological symptoms and signs are discovered through this study, which may be utilized to identify the cause of vaginal discharge among subjects. Vulvar maceration, excessive wetness in genital area, and thin, turbid, yellowish vaginal discharge have excellent diagnostic accuracy for bacterial vaginosis, while malodorous discharge is deemed not accurate. For candidal vaginitis, vulvar maceration and white, curd-like vaginal discharge are considered accurate for diagnosis. Conversely, malodorous discharge, itchiness,
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vaginal redness, and excessive wetness in genital area are not characteristic for infection caused by Candida sp. In trichomoniasis, the findings of thin, frothy, turbid, yellowish vaginal discharge and strawberry-cervix appearance have excellent diagnostic accuracy to aid diagnosis, while malodorous discharge, vulvar discomfort, and vaginal redness are not considered accurate.
For cervicitis, either caused by C. trachomatis or N. gonorrhea, no specific clinical symptoms or signs are considered characteristic to aid etiological diagnosis. In cases of gonorhhoeal cervicitis, pain during urination and purulent cervical discharge were consistently found among subjects. However, diagnostic accuracy for both clinical findings could not be calculated due to the small sample size for gonorrheal cervicitis.
Due to the high prevalence of vaginal or cervical infection, and the absence of clinical indicators which are diagnostically accurate for chlamydial cervicitis, specific therapy for C. trachomatis infection should be given in women of reproductive age who are sexually active, in accordance to WHO presumptive therapy regiment. On the other hand, therapy for bacterial vaginosis and candidal vaginitis should also be considered in women with vaginal discharge, who are in their reproductive age and are sexually active, due to the high incidence of both conditions.
